A 33-year-old male presented with a rare intracranial oculomotor schwannoma not associated with neurofibromatosis manifesting as an 8-month history of right oculomotor nerve paresis. Neuroimaging examinations revealed a 4-cm mass in the right crural cistern. The tumor was totally removed. The right oculomotor nerve paresis resolved 7 months after surgery. Removal of the oculomotor or trochlear schwannoma usually results in parent nerve paresis, but subcapsular tumor resection in our case probably allowed complete recovery of the nerve function.
Introduction
Intracranial schwannoma accounts for 8% of brain tumors. Most schwannomas originate from sensory nerves such as the vestibular, trigeminal, or spinal nerves. 24, 33) Schwannomas originating from the oculomotor or trochlear nerve are rare. We report a case of schwannoma in the crural cistern, not associated with neurofibromatosis.
Case Report
A 33-year-old male was referred to our institute with an 8-month history of diplopia. One month after the onset, he noticed right ptosis followed by right facial numbness 2 months later. On admission, he had right oculomotor nerve paresis manifesting as moderate disturbance of adduction, severe disturbance of upward and downward movement, ptosis, and diminished direct and indirect light reflex. He also had right facial hypesthesia in the second and third divisions of the trigeminal nerve. No cutaneous nevus or neurofibromas were found. He had no family history of neurofibromatosis type 1 or type 2.
Computed tomography revealed a 4-cm polygonal, clearly demarcated mass in the right crural cistern. Magnetic resonance imaging showed the mass was low intensity on the T 1 -weighted images and high intensity on the T 2 -weighted images, with enhancement by gadolinium-diethylenetriaminepenta-acetic acid with multilobular cysts. The mass extended to the posterior portion of the cavernous sinus and severely compressed the midbrain (Fig. 1) . Angiography showed the mass was avascular.
Surgery was performed using an anterior petrosal approach with temporal craniotomy and zygomatic osteotomy. After extradural drilling of the petrous tip and opening of Kawase's triangle, the temporal and posterior fossa dura was opened, and the tentorium was incised. The tumor was located at the level of the tentorium. The yellow, soft, multilobular tumor was covered with a tough capsule or arachnoid membrane. The tumor adhered most densely to the capsule at the anterior end under the tentorium, where the oculomotor nerve enters the cavernous sinus. The tumor was separated from the capsule and totally removed. The trigeminal nerve was identified on the compressed brainstem, at the caudal side of the removed tumor.
Histological examination showed the tumor was composed of elongated or spindle-shaped cells with occasional nuclear palisading. The diagnosis was schwannoma (Fig. 2 ). The postoperative course was uneventful. The patient had no neurological deficits except for right oculomotor nerve paresis and facial hypesthesia. Both deficits gradually improved and had completely resolved 7 months later (Fig. 3 ).
Discussion
Schwannomas from motor nerves are usually associated with neurofibromatosis type 2, and solitary schwannoma in the oculomotor or trochlear nerve is rare. 24, 25, 33) Preoperative diagnosis of oculomotor or trochlear schwannoma is often difficult. The neuroimaging findings are not specific to these tumors and often lead to mistaken diagnosis as trigeminal schwannoma, meningioma, aneurysm, or other pericavernous tumors. 1, [6] [7] [8] [9] [10] 14, 27) The diagnosis of oculomotor schwannoma depends on the presence of oculomotor nerve paresis, and the histological and operative findings. 27, 30) Intraoperative identification of the origin of the tumor sometimes is difficult because of the large size or disruption of the normal anatomical relation of the cranial nerves. 9, 23, 27) In our case, the operative findings suggested the tumor originated in either the oculomotor or trochlear nerve. The presence of preoperative and postoperative oculomotor nerve paresis and the histological findings indicated oculomotor schwannoma. Thirty-one cases of solitary oculomotor schwannomas have been reported (Table 1) . [1] [2] [3] [4] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [26] [27] [28] [29] [30] [31] The 13 male and 18 female patients were aged from 8 to 70 years (mean 47 years). These age and sex distribu- 13) 66/F none none none CI 15 partial paralysis CA: cavernous, CI: cisternal, CI-CA: cisternocavernous, ND: not described.
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Schwannoma in the Crural Cistern tions are similar to vestibular schwannoma. The tumor was located in the subarachnoid cistern in 14 cases, in the cavernous sinus in 12, and extended from the cavernous sinus to the cistern in five. Initial symptoms included diplopia or ptosis in 11 cases (35%), headache or periorbital pain in nine (29%), visual disturbance in four (13%), and hemiparesis or gait disturbance in three (10%). Oculomotor nerve paresis was the most common preoperative neurological sign in 27 cases (87%). Diplopia was the most common initial presentation of oculomotor nerve paresis in 10 cases, and is contrary to the signs of pupil dilation and ptosis due to compression by the aneurysm or tumor. Involvement of other cranial nerves included trochlear nerve paresis in seven cases (23%), trigeminal nerve paresis in eight (26%), and abducens nerve paresis in four (13%). Abducens nerve paresis is not common in cases of oculomotor schwannoma, but is common in cases of trigeminal schwannoma because of the anatomical relationship between the tumor and the abducens nerve in the cavernous sinus. 8, 23, 30) Preoperative oculomotor nerve paresis was not present in four cases, all of which were located in the subarachnoid cistern. Oculomotor, trochlear, and abducens schwannomas can be classified into cisternal, cisternocavernous, and cavernous types. 5) Total removal of the tumors and identification of the parent nerve are not easy for cisternocavernous and cavernous tumors. Total removal was achieved in eight of 11 oculomotor schwannomas in the cisternal portion (73%), six of 11 tumors in the cavernous portion (55%), and one of five tumors in the cisternocavernous portion (20%). The low total removal rate may reflect the relatively large size (40 to 50 mm in diameter) of tumors extending to the cisternocavernous area. In our case, the large tumor located in the cisternal portion was totally removed using an anterior petrosal approach. This approach was advantageous for the tumor in this location, as reported for trigeminal schwannomas. 32) Removal of oculomotor or trochlear schwannoma H. Hatakeyama et al.
usually results in severe postsurgical parent nerve paresis. 1, 25) Therefore, surgical removal of oculomotor schwannoma is recommended only for large tumors with intractable symptoms. 1) Oculomotor nerve grafting has been performed after resection of the tumor, but recovery of nerve function was not adequate due to the diverse functional distribution of this nerve. 19) Improved oculomotor nerve function was reported in two cases and almost complete recovery was noted in two cases after resection of oculomotor schwannomas. In these cases, the tumors were removed with preservation of the oculomotor nerve fibers. 1, 28) In the present case, the tumor was covered with tough tumor capsule or arachnoid membrane. Subcapsular removal of the tumor may have helped to preserve the normal oculomotor nerve and allow complete recovery of the nerve function.
